Treatment of slices of young pea leaves (Pisum sativum) with gM solutions of a-chloralyl diethyldithiocarbamate, dichloroalHyl diisopropylthiocarbamate, or S-ethyldipropylthiocarbamate resulted in inhibition of incorporation of [1-V4C] Certain thiocarbamates were reported to be inhibitory to wax production on foliage (4, 5, 12) . Experimental evidence thus far available shows that fatty acid elongation is a key process involved in cuticular wax synthesis (2, 10). Recent ob-servation that thiocarbamates inhibited synthesis of C., to C.4 fatty acids in germinating seeds (6) the thiocarbamate in a total volume of 0.5 ml of water. After the contents of the flask were thoroughly mixed, the leaf slices were spread on the bottom of the flasks which were then incubated for 90 min at 30 C in a gyratory water bath shaker. At the end of the incubation period the tissue slices were transferred into a 150-ml sintered glass funnel and 100-ml of a 2:1 mixture of chloroform and methanol was added. After stirring the mixture for 20 sec, the solvent mixture was quickly removed by suction. The lipids were recovered from this solution according to the method of Folch et al. (3) , and this fraction is referred to as surface lipids. The tissue slices were then extracted with a 2: 1 mixture of chloroform and methanol for 2 hr, and the lipids recovered from this extract are referred to as internal lipids.
servation that thiocarbamates inhibited synthesis of C., to C.4 fatty acids in germinating seeds (6) suggested a possible mechanism by which these herbicides might affect cuticular wax production. However, germinating seeds did not incorporate substantial amounts of labeled precursors into the typical surface lipid components. For example, alkanes, one of the major surface lipid components, were not labeled. Since elongation of fatty acid followed by decarboxylation seems to be the most likely mechanism for alkane synthesis, thiocarbamates should be expected to be inhibitors of alkane biosynthesis, if 10 txc) and appropriate amounts of the thiocarbamate in a total volume of 0.5 ml of water. After the contents of the flask were thoroughly mixed, the leaf slices were spread on the bottom of the flasks which were then incubated for 90 min at 30 C in a gyratory water bath shaker. At the end of the incubation period the tissue slices were transferred into a 150-ml sintered glass funnel and 100-ml of a 2:1 mixture of chloroform and methanol was added. After stirring the mixture for 20 sec, the solvent mixture was quickly removed by suction. The lipids were recovered from this solution according to the method of Folch et al. (3) , and this fraction is referred to as surface lipids. The tissue slices were then extracted with a 2: 1 mixture of chloroform and methanol for 2 hr, and the lipids recovered from this extract are referred to as internal lipids.
Fractionation of Lipids. Surface lipids were dissolved in 0.5 ml of chloroform and 10 ,ud were used for determination of radioactivity. Fifty ulI were subjected to TLC on 0.5-mm layers of Silica Gel G with benzene as the developing solvent. The plates were sprayed with a 0.1% alcoholic solution of 2',7'-dichlorofluorescein and the components were marked under UV light. (In order to aid in the visualization of the components on the thin-layer plates, unlabeled surface lipids were added to the labeled material prior to chromatography.) Radioactivity in each fraction was determined by scintillation counting of the silica gel from appropriate areas as described before (7) . Wax Radioactivity in gas-liquid chromatographic components was determined with a Barber Coleman radioactivity monitor attached to a Perkin-Elmer 800 gas chromatograph as described before (8) .
Chromatography. Silica Gel G layers (0.5 mm or 1.0 mm), activated overnight at 110 C, were used for TLC with appropriate solvents indicated elsewhere. Gas-liquid chromatography was done with a coiled stainless steel column (180 X 0.625 cm o.d.) packed with 5% OV-1 on 80-100 mesh Gas Chrom Q. Alcohol acetates were analyzed with a column temperature of 260 C, while methyl esters were analyzed with temperature programming indicated under the figure legend.
RESULTS AND DISCUSSION
In order to seek a biochemical explanation for the observation that application of sublethal doses of thiocarbamate herbicides brought about reduction in foliar wax in plants (4, 5) , we studied the effect of several thiocarbamates on conversion of [l-14C]acetate into lipids of pea leaves. Usually incorporation was done for 90 min, during which time incorporation of label into lipids was linear. In this time period, about 30% of the exogenous acetate was incorporated into lipids, of which about one-third was in the surface lipid fraction. Since the incorporation varied somewhat from batch to batch, comparisons were made only among the samples of a given experiment. Results in Table I show that Avadex,3 EPTC, and CDEC inhibited conversion of exogenous [1-14C] acetate into surface lipids while incorporation of labeled acetate into internal lipids was less sensitive to the thiocarbamates. Since surface lipids are known to contain much longer aliphatic chains than the internal lipids (9, 10), these results agree with the suggestion that thiocarbamates inhibit chain elongation.
If the major effect of thiocarbamates is to inhibit chain elongation it might be expected that the synthesis of the very long chain components of the surface lipids would be more susceptible to the thiocarbamates than that of the shorter components. In order to examine this possibility, the surface lipids were further analyzed by TLC (Fig. 1) . The synthesis of the longest aliphatic chains, the alkanes (mainly C31) and the secondary alcohols (mainly C31), was much more sensitive to Avadex than that of the other components. For example, at a concentration of Avadex which inhibited the synthesis of alkanes and secondary alcohols by 50%, incorporation into total surface lipids was inhibited only slightly (15%). The synthesis of the primary alcohol fraction, which is known to contain C26 and C-, ( (4, 5) . In order to investigate the possibility that the major effect of thiocarbamates on surface lipid synthesis is inhibition of chain elongation, all classes of surface lipids were further examined. Since 14C accumulated in wax esters while incorporation of [1-4C] acetate into free primary alcohols was inhibited, it appeared likely that the acyl portion of the wax ester should contain the accumulated label. In order to test this possibility, the amounts of "4C in the acyl portion and alcohol portion were determined. As the concentration of thiocarbamates increased, the proportion of the "4C contained in the acyl portion of the wax increased (Table III) . Taking the accumulation of label in the wax ester fraction into consideration, significant inhibition of incorporation of acetate into the alcohol portion of the wax was observed only at or above 6 ,uM CDEC and 9 ,uM EPTC. Similar effects on free fatty alcohol fractions were also observed (Table II) . Radio gas liquid chromatographic analysis of the free alcohols and alcohols derived from wax showed that under all conditions C2. was the major labeled alcohol followed by C2s. It appeared that thiocarbamates tended to inhibit the labeling of CM8 a little more than that of CM.
Since the inhibition of synthesis of very long chain alkanes 905 and secondary alcohols was accompanied by accumulation of label mainly in the acyl portion of the wax (with 3-6 /UM inhibitor), the chain lengths of the accumulated acids were examined by radio gas-liquid chromatography (Table IV) . The major labeled fatty acids in the wax esters of untreated tissue were C.o, C, and C,4, with smaller amounts of C18, C,8, C2, and C=,. The major change brought about by the three thiocarbamates was a dramatic increase in the C=. For example, as the concentration of EPTC increased from 1 to 12 tLeM, the C22 acid became the major acid containing about 60% of the total 14C of the acyl portion of the wax (Table IV) . Similar changes were observed with Avadex and CDEC (data not shown).
The radioactive free fatty acids of the surface lipids remained in the origin of the thin layer chromatograms (benzene as developing solvent). Since these acids are likely to be related to the acyl portion of the wax, the effect of thiocarbamates on chain length patterns might be reflected in these fatty acids. In order to test this possibility, the methyl esters generated by treatment of the lipids in the origin with BF3-methanol were subjected to radio gas-liquid chromatography. Since this fraction would have contained some internal polar lipids, the presence of C,. and C1, should be expected, and they were two of the major labeled components. However, the thiocarbamates did not significantly affect the synthesis of these acids. The longer components were C-, C, C24, and CM, with smaller Derived from the Wax Esters of Pea Leaves The methyl esters obtained by BF3-methanol treatment of wax ester fractions were subjected to radio gas-liquid chromatography on a 5% OV-1 column held at 200 C for 6 min and then temperature programmed up to 293 C at 7.5 C/min. The observation that thiocarbamates, which are known to inhibit chain elongation in germinating seeds (6) , also inhibit alkane synthesis is consistent with the hypothesis that alkanes are synthesized by elongation followed by decarboxylation. Inhibition of synthesis of alkanes by thiocarbamates was accompanied by similar inhibition of secondary alcohol formation. This observation is in agreement with the previously published data which suggested that secondary alcohols are derived from alkanes (10) . The recent observation that thiocarbamates inhibit mycolic acid synthesis in mycobacteria (K. Takayama, private communication) suggests that the elongation systems in higher plants and bacteria may be similar.
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